The nutrients in broiler litter can replace inorganic fertilizer additions, but must be managed to minimize soil nutrient build-up and off-site losses in the environment. Herbage dry matter (DM) and nutritive value were measured in tall fescue at litter rates of 0, 4.5, 9.0, 13.5, and 18.0 Mg/ha/year, as compared to inorganic fertilizer (INORG) that provided N, P O , and K O (224-112-224 kg/ha/year), in soil with no litter history. The treatments were split-applied in autumn and spring, and forage was harvested at early-, mid-and late-season. In general, nutritive value was greatest at early-season, based on low acid detergent fiber (ADF) and high in vitro true digestible DM (IVDDM). Herbage crude protein (CP) was similar in INORG and 9.0 Mg litter per ha at the early-and late-season harvests, with litter producing CP values of 105 to 125 g/kg. The litter effect was significant at late season in 2006, when CP increased approximately 42 g/kg, ADF decreased 35 g/kg, and neutral detergent fiber (NDF) decreased 30 g/kg. The use of 9.0 Mg litter per ha produced forage with reasonably high DM yield and nutritive value, but elevated soil P, Cu, and Zn, as compared to INORG and 4.5 Mg litter per ha. Herbage nutritive value was generally lower at 4.5 Mg litter per ha than INORG, but both fertilizer sources appeared to minimize potential risks to the environment when tall fescue was grown for hay.
Introduction
Tall fescue [Schedonorus arundinaceus (Schreb.) Dumort] is the primary forage base for approximately 9 million beef cows in the east-central and southeastern United States (19) . This region is also the primary producer of broiler chickens (Gallus gallus domesticus) nationally (11) . Commercial production in Mississippi alone generates approximately 897,000 Mg/year of broiler litter (a mixture of manure, wasted feed, and locally available bedding material), having a N-P O -K O fertilizer equivalent of approximately 2.9-1.5-3.0 (wet weight basis) with 19% moisture content (9) . The utilization of litter represents an opportunity to produce high quality forage for livestock, reduce potential nutrient loss to the environment, and remove nutrients added by the manure through hay production (10, 16, 18) . High growth rates under high fertility and an extensive rooting system make tall fescue valuable in nutrient recycling systems (11) .
Current recommendations for broiler litter use are to complete a phosphorus index risk assessment and base applications on either crop N or P use, or to refrain from application (14) . The principle is to not apply excess P, since soils receiving litter often have a high residual fertility, particularly in the case of P, which is relatively insoluble and has a long residence time in the soil (16) . Water quality degradation can occur if soluble P enters the surface water in runoff (14) . Likewise, nitrate leaching can cause economic losses and contamination of ground water quality (11) . Trace elements, Cu and Zn, added to poultry diets to improve weight gain and prevent disease (6) , are largely excreted in the manure.
Because Cu and Zn are assimilated in small quantities by plants, heavy metal accumulation has been reported in litter-amended soils (16, 18) . Runoff or leaching loss of Cu and Zn can increase potential risks to surface and ground water quality.
Tall fescue routinely is conserved as hay or silage for winter feeding, and harvesting excess spring growth for storage is typical. While producers often aim for high biomass yield, particularly when haying is used in nutrient management plans, the most important consideration is the quantity of available and digestible nutrients stored and the level of animal performance that will result from feeding the herbage (7). It is well accepted that N fertilization practices that increase the proportion of leaves may enhance herbage CP and nutritive value, but not necessarily forage yield, which is more closely related to stem biomass (4). Analysis of different N fractions in tall fescue herbage found N fertilization increased CP levels regardless of soil moisture status and minimized drought effects on CP concentration (5) . Broiler litter has been used as a source of N to produce forage with yield and nutritive value that is equal to or better than forage fertilized with ammonium nitrate (19) or inorganic N-P-K fertilizer to meet crop requirements (9, 18) . In stockpiled tall fescue, Teutsch et al. (19) reported biomass response to litter was similar to urea (at an equivalent N rate), and CP concentration was greater in litter and inorganic fertilizer treatments (average = 146 g/kg) than six other N sources (average = 140 g/kg). In that study, N rate and source did not affect acid detergent fiber (ADF) or neutral detergent fiber (NDF). Bélanger et al. (4) suggested that N effects on digestibility results from an increase in leaf digestibility, but also a decrease in the proportion of leaves relative to stems. These counteractive trends may explain why N effects on digestibility are often negligible. The objectives of this study were to determine the response of tall fescue nutritive value as measured by concentrations of CP, ADF, NDF, and IVDDM to increasing rates of broiler litter and to assess changes in N, P, Cu, and Zn in soil with no history of litter. were not reported due to residual N effects in spring (a distinct growth response to litter did not occur until mid-season), and abundant rainfall in summer and autumn (June-August rainfall was 26% above normal, and 250 mm was recorded in September from hurricanes Katrina and Rita). Relative to long-term rainfall for this site, 2006 was near normal in winter, but drier in summer and spring, whereas 2007 was considerably drier in winter and spring, but near normal in summer. In June 2007, approximately 61 mm of irrigation was provided over a 3-day period.
A split-plot randomized complete block was used with four replicates. The main plots consisted of litter rates of 0, 4.5, 9.0, 13.5, and 18.0 Mg/ha/year (wet weight basis) and a INORG treatment (2:1:2 ratio of N:P O :K O, respectively) using ammonium nitrate, triple superphosphate, and potash. Litter was chopped to a uniform size to provide a consistent product that could be weighed easily and distributed uniformly by manual techniques. Subsamples were dried at 100°C for 48 h to determine percentage dry matter (DM). The INORG treatment provided N at 224 kg/ha/year, which was similar to total N (organic + inorganic) in the 9.0 Mg litter per ha/year treatment (Table 1) . Because treatments were repeated on the same plots each year, the sub plot was a repeated measure over time, where time had a 3 × 2 factorial structure of three harvest dates in each of two years. Plots were harvested on 7 April, 9 May, and 12 October in 2006, and on 12 April, 1 June, and 9 November in 2007, hereafter referred to as the early-season, mid-season, and late-season harvests, respectively. Forage was harvested with a sickle-bar mower at a 7.6-cm stubble height and weighed; however, the 0 and 4.5 Mg litter per ha treatments were clipped by hand at the early-season harvest in 2007, because insufficient growth precluded mechanical harvesting. Subsamples of forage (~600 g) were dried at 65°C for determination of DM yield and ground to pass a 1-mm screen. Soil samples were collected to a depth of 15 cm before treatment application, after the early-season harvests, and again at the end of the experiment, dried in a greenhouse and ground to pass a 2-mm screen. Table 1 . Dry matter concentration and amounts of N, P, and K applied in broiler litter.
Subsamples of litter, forage, and soil were analyzed for total C and N by dry combustion methods using a C/N analyzer (CE Elantech, Lakewood, NJ). Herbage N was multiplied by 6.25 to estimate CP concentration. All other element concentrations (Ca, Mg, K, P, Fe, Zn, and Cu) were measured with ICP-OES (Thermo Jarrel Ash ICP, Iris Advantage ICP, Houghton, MI), according to methods described by Read et al. (16) . In vitro true digestible DM was determined from 0.25-g herbage subsamples using an ANKOM Daisy II Incubator and ANKOM Fiber Analyzer F200 (1). An ANKOM Fiber Analyzer F200 also was used to determine NDF (1-h incubation) and ADF (1.25-h incubation) from 0.50-g subsamples (2, 3) . Soil (2 g) was extracted with Mehlich-3 soil extractant (12) using 1:10 soil:extractant (w:v) and the filtrate analyzed for P, K, Cu, and Zn with ICP-OES.
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Total N (kg/ha) Data were analyzed across years and harvests using the mixed procedure in SAS (SAS Institute Inc., Cary, NC) where fixed effects were fertility treatment, year, and harvest, and interactions among these three effects. Because DM yield increased two-to ten-fold across fertility treatments, values were adjusted to the same scale using log transformation to stabilize the variance and improve statistical precision. The harvest and year × harvest interaction was significant (P < 0.05) for all traits; therefore, data were analyzed within harvest and year using the general linear model procedure in SAS. When the F test was significant (P < 0.05), means were compared using Duncan's Multiple Range Test.
Environmental Effects on Forage Yield and Nutritive Value in Tall Fescue
The The treatment × harvest and treatment × year × harvest interaction effect was significant for herbage DM yield and CP concentration (P < 0.01). These results were likely influenced by difference in rainfall distribution between years, since tall fescue growth in the southeast is mainly in the spring and early summer (10) . Low soil moisture in early-season 2007 (March-May rainfall was only 13% of normal) apparently hastened plant maturity, as DM yield increased dramatically across fertility treatments, but there was little change in CP concentration which averaged approximately 105 g/kg (Fig. 1) . Mild water stress in tall fescue was found to increase herbage CP, especially under limited N conditions (5) . Therefore, our observations suggest either a dilution effect on herbage CP from increased biomass (4), or litter N mineralization was limited by low soil moisture (17) . Advanced plant maturity in 2007 also was apparent in INORG treatment at mid-season, when herbage had relatively low CP of 115 g/kg and high NDF of 700 g/kg (Fig. 2) . Buxton (7) reported NDF of four coolseason grasses averaged 500 g/kg in leaves and 700 g/kg at flowering stage. (10), who reported average daily gain of cattle in summer was greater (P < 0.10) under broiler litter than inorganic fertilizer (0.68 vs. 0.59 kg per head per day). Because NH NO would release N relatively quickly, increased mineralization of organically bound litter N in summer was probably responsible for enhanced DM yield or nutritive value observed at the lateseason harvest (17) . Apparently, litter applications in spring provided an extended supply of N and other nutrients during summer, when tall fescue growth is slow, particularly under droughty conditions encountered in the present study. Forage nutritive value in timothy (Phleum pratense L.) has been related to leaf (metabolic) and stem (structural) components of the total biomass (4). Based on those relationships, high digestibility in summer regrowth of tall fescue may have been associated with reduced growth allowing for a greater proportion of leaves than stems.
Tall Fescue Response to Broiler Litter, as Compared to Inorganic Fertilizer
Among litter treatments, DM yield increased from approximately 260 to 3332 kg/ha, depending on year and harvest (Fig. 1) . In the analysis across years and harvests, the effect of fertility treatment was significant (P < 0.001) for DM yield at all harvest dates, for herbage CP in 2006, and for herbage CP at the mid-and late-season harvests in 2007. Herbage DM and CP at mid-season increased linearly across litter rates (P < 0.01) and INORG produced the highest DM yield ( (15) reported generally greater digestibility and lower CP in timothy fertilized with liquid swine manure, as compared to fertilizer that provided the same amount of total N (140 kg/ha). It is difficult to predict the availability of manure N to plants since both N transformation/turnover processes and losses influence availability (17) . In this context, a concern with litter applications in autumn is the potential for leaching losses of mineralized N over winter that could reduce the amount available in spring when tall fescue growth and N requirement are high (10, 11) .
At the late-season harvest in 2006, the effect of fertility treatment was significant (P < 0.001) for DM yield, CP, ADF, and NDF, whereas a smaller treatment difference (P < 0.05) was detected for IVDMD. Similarly, results from late-season 2007 indicated large difference in DM, CP, and NDF across fertility treatments (P < 0.001), but smaller difference in ADF (P < 0.05). Split applications of 9.0 Mg litter per ha or greater consistently enhanced DM yield, but not herbage CP, as compared to the INORG treatment (Fig. 1) . Based on concentrations of ADF and NDF, fertilizer and 9.0 Mg litter per ha applications (which provided similar rates of total N) generally resulted in herbage with comparable nutritive value. Teutsch et al. (19) similarly reported no difference in ADF and NDF of stockpiled tall fescue fertilized with broiler litter and inorganic N-P-K fertilizer. At late-season in 2006, ADF decreased linearly from approximately 354 g/kg at 4.5 Mg litter per ha to 310 g/kg at 18.0 Mg litter per ha, equivalent to 4.4% of the dry matter (Fig. 2) . Values for NDF decreased to a lesser extent as litter rate increased, by approximately 37 g/kg in 2006 and 34 g/kg in 2007. The inconsistent response of IVDDM to fertility treatment was reflected in the analysis of variance across years, which found no significant treatment difference (P > 0.45) and significant harvest and harvest × treatment interaction effects (P < 0.05). Averaged across years, IVDDM ranged from approximately 576 to 700 g/kg and was highest at the early-season harvest ( Table 2 ). Tall fescue commonly has IVDDM values of 500 to 700 g/kg, and high values at early-season are likely explained by a high proportion of leaves in the biomass (4,7) . At mid-season in 2007, linear regression analysis found ADF concentration decreased significantly across litter rates. Applying 9.0 Mg litter per ha or more resulted in ADF comparable to INORG, and relatively high IVDDM ( Table 2 ). While these results indicated IVDDM would not be a major consideration in the choice of litter rate, 13.5 Mg litter per ha sometimes resulted in low ADF and NDF concentrations that were comparable to INORG. 
Broiler Litter Effects on Soil Nutrient Concentration
Applying litter at 18.0 Mg/ha/year resulted in the highest soil N concentration, and the use of 9.0 Mg/ha or more elevated soil N by about 1.0 g/kg in spring (Table 3) . Similar to N, total soil C was elevated in the 13.5 and 18.0 Mg litter per ha treatments, as compared to 4.5 Mg litter per ha. Apparently, low rates of litter were more appropriate for minimizing unintended environmental impacts of excess soil N. Similarly, Marshall et al. (11) reported litter N recovered by tall fescue averaged 57% (range = 11 to 98%), and total N balance (N input minus N output) was positive at three locations representing Major Land Resource Areas in the southeast. In that study, the highest N balance occurred on the Cumberland Plateau, due to low N recovery by plants that were provided total N of approximately 225 kg/ha in broiler litter.
Soil P concentration in April and November 2007 did not differ between INORG and 4.5 Mg/ha litter applications and was elevated significantly (P < 0.05) by applications of 9.0 Mg/ha (Table 3) . Similar results were observed for soil K. These observations indicate 9.0 Mg litter per ha per year provided more P and K than could be utilized by tall fescue given the total annual yields of approximately 3370 kg/ha in 2006 and 4090 Mg/ha in 2007 (Fig. 1) . In April 2007, soil P was least under INORG and 4.5 Mg litter per ha (average = 62 ± 6 mg/kg), elevated significantly under 9.0 Mg/ha (77 ± 7 mg/kg), and greatest under 13.5 and 18.0 Mg/ha (average = 113 ± 3 mg/kg). The use of an Nconsistent litter rate of 9.0 Mg/ha resulted in approximately 80 mg P per kg of soil, a level above the threshold of 70 mg/kg at which environmental problems from high P soils may occur (14, 16) .
Our results indicated 4.5 Mg litter per ha had the lowest potential for excess soil P, and supported evidence that litter applications to meet crop N needs can increase not only soil P, but also total N (11, 16) . To avoid rapid increases in soil P, studies suggest combining low rates of litter with N fertilizer (18) . Most southeastern states, including Mississippi, base litter applications on crop N use or soil test based-P requirements after a phosphorus-index-based risk assessment (14) . In the present study, 4.5 Mg litter per ha appeared to provide sufficient levels of P and K, as concentrations in the surface soil were comparable to levels in the INORG treatment. However, Cu and Zn continued to increase when 4.5 Mg litter per ha was split applied in autumn and spring. Evidence of nutrient imbalances for P, Cu, and Zn indicates application rates were much higher than the quantities utilized by plants (6, 18) . As compared to initial levels, the use of 9 Mg litter per ha for two years increased P, Cu, and Zn concentrations in surface soil by approximately 33, 75, and 164%, respectively. Because Cu and Zn are associated closely with soil organic matter, they are generally retained in the surface soil, but slow uptake by plants means these metals can persist at high levels for long periods of time (16 Table 3 . Treatment effects on the concentration of selected nutrients in the surface soil, 0-to 15-cm depth.
x Inorganic fertilizer that provided N-P O -K O at 224-112-224 kg/ha, respectively, annually. y Means within a sampling date followed by a different letter are significantly different by Duncan's Multiple Range Test (P = 0.05). z Mehlich-3 extract was utilized.
Conclusion
This research determined the response of tall fescue to broiler litter on soil with no litter history, as compared to inorganic fertilizer with N, P, and K. Based on split applications in autumn and spring, herbage yield and CP concentration increased as litter rate increased, which might be expected given the large difference in total N rate at each application date, from 0 to approximately 218 kg/ha. Fertilization with broiler litter did not affect IVDDM in tall fescue. Based on acceptable IVDDM values that were usually comparable to inorganic fertilizer, nutritive value was not substantially reduced when litter was the sole nutrient source. This was most notable at the early-season harvest, when the different litter rates and inorganic fertilizer had similar CP, ADF, and NDF concentrations. At the late-season harvest, ADF and NDF values decreased as litter rate increased, and CP was similar in the 9.0 Mg litter per ha and fertilizer treatments. Depending on the specific situation, fertilization decisions must consider "best management practices" that may result in better water quality. In the present study, the use of 9.0 Mg litter per ha per year elevated soil P, Cu, and Zn, as compared to either 4.5 Mg/ha or inorganic fertilizer. Therefore, applying litter at 2.24 Mg/ha in autumn and spring was appropriate to maintain nutritive value in tall fescue and potentially avoid high soil P levels. Because adequate N fertilization tended to have a positive effect on the relationship between yield and nutritive value, particularly herbage CP, the combination of 4.5 Mg litter per ha and at least 100 kg N per ha appears to be one management option to enhance the recycling of manure nutrients when tall fescue is grown for hay.
